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Cigarette Smoking and Risk of Bladder, Pancreas, Kidney, and

Colorectal Cancers in Iowa

BRIAN C.-H. CHIU, PuD, CHARLES F. LYNCH, MD, PuD,
JAMES R. CERHAN, MD, PuD, AND KENNETH P. CANTOR, PuD

PURPOSE: Although there are numerous reports on the effects of cigarette smoking and cancer, they
have infrequently compared risks at more than one cancer site after multivariate adjustment. We analyzed
data from a population-based case-control study that included five anatomic sites to evaluate the
association between cigarette smoking and each cancer site and to rank the associations by site.
METHODS: Study respondents included 1452 bladder, 406 kidney, 376 pancreatic, 685 colon, and
655 rectal cancer cases, as well as 2434 population controls. A self-administered questionnaire was used
to collect information on cigarette smoking and other potential confounders including occupation,
drinking water source, and dietary practices. Logistic regression models were used to calculate odds
ratios (ORs) and 95% confidence intervals (Cls), after adjustment for age, total energy intake, and
other site- and sex-specific confounders.

RESULTS: In both sexes, cigarette smoking (ever vs. never) was associated with risk of bladder cancer
(OR = 2.5; 95% CI, 2.0-3.1 for males; OR = 2.7; 2.0-3.6 for females) and pancreatic cancer (OR =
1.8; 1.2-2.8 for males; OR = 2.1; 1.4-3.1 for females). Cigarette smoking also increased the risk of
kidney cancer among males (OR = 1.8; 1.3-2.7), and to a lesser degree, among females (OR = 1.2;
0.8-1.8). No association was found for colon or rectal cancer in either sex.

CONCLUSIONS: Cigarette smoking increased the risk of bladder, kidney, and pancreatic cancer in
men and women. The rankings of multivariate-adjusted ORs from highest to lowest were bladder,

pancreas, kidney, and colorectum, with little difference between men and women.
Ann Epidemiol 2001;11:28-37. O 2000 Elsevier Science Inc. All rights reserved.
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INTRODUCTION

Cigarette smoking is the most important known, modifiable,
risk factor for human health today. It has been estimated
to be responsible for more than 30% of all cancer deaths
in the United States (1). Smokers have overall cancer death
rates two times greater than those of nonsmokers and heav-
ier smokers have rates four times greater (2). Worldwide,
it is estimated that 15% (1.1 million new cases per year)
of all cancer cases are attributed to cigarette smoking, 25%
in men and 4% in women (3).

Cigarette smoking is by far the most important cause of
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lung cancer, and also an important determinant of cancer
risk for at least six other anatomical sites: oral cavity and
pharynx, esophagus, larynx, pancreas, kidney, and urinary
bladder (4). Many questions remain, however, including
the degree to which the development of certain cancers is
attributed to cigarette smoking and the magnitude of the
relative risks at different sites (5, 6). Although a multisite
comparison can be made in a prospective study, long follow-
ups are generally required for relatively rare cancers, such
as bladder, kidney, and pancreas, to yield the number of
cases that can provide statistically stable estimates of risk.
In that regard, case-control studies are more cost-effective,
even though they can suffer from other concerns including
unrepresentative choice of a control group, use of surrogate
informants, and recall bias. Nonetheless, prior case-control
studies, except three (6-8), have focused on only a single
cancer site.

In this study, we analyzed data from a population-based
case-control study of 3574 cancer cases (bladder, kidney,
pancreas, colon, and rectum) and 2434 controls to evaluate
the association between cigarette smoking and five different
cancer sites. Because exposure information was collected at
the same time, this large case-control study provides a
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SEER = Surveillance, Epidemiology and End Results
HCFA = Health Care Financing Administration

unique opportunity to rank the associations by site for com-
parative purposes while adjusting for site- and sex-specific
confounders. In addition, we were able to control for expo-
sure to factors related to occupation, environment, and di-
etary practices which have been shown to confound smoking
but have not been adequately adjusted for in most of the
previous epidemiologic studies of smoking and cancer (4).

MATERIAL AND METHODS
Study Population

A population-based, multi-site case-control study was con-
ducted in Iowa between 1986 and 1989. Detailed methods
may be found elsewhere (9, 10). Briefly, eligible cases were
residents of the state of lowa, aged 40-85 years, newly diag-
nosed with histologically confirmed cancer of the bladder,
kidney, pancreas, colon, or rectum, and without a previous
diagnosis of a malignant neoplasm with the exception of
basal and squamous cell carcinomas of the skin. Cases were
identified by the State Health Registry of lowa, which is
part of the National Cancer Institute’s Surveillance, Epide-
miology and End Results (SEER) Program. Cases of both in
situ and invasive bladder cancer (transitional cell carcinoma
and papillary transitional cell carcinoma) were included
because these cancers appear to share the same set of risk
factors (11) and because of cancer surveillance problems in
delineating in situ and invasive bladder cancer (12).

Kidney cancer cases were adenocarcinomas, with cancers
of the renal pelvis excluded. Pancreatic and colorectal can-
cer cases were adenocarcinomas. Of the 4166 eligible cases,
3574 vparticipated (85.8%). Respondents included 1452
bladder (84.8% response rate), 406 kidney (87.7% response
rate), 376 pancreatic (87.6% response rate), 685 colon
(85.5% response rate), and 655 rectal (86.1% response rate)
cancer cases. Of the case respondents, 781 (21.9%) were
proxies for subjects who had died (n = 778), were incompe-
tent (n = 1), or unavailable (n = 2). The proportion of
respondents who were proxies varied by cancer site, from
10.7% (bladder) to 85.6% (pancreas).

Controls were frequency matched to all cases by sex and
five-year age groups, resulting in a matching ratio ranging
from 1.7:1 for bladder cancer to approximately 6.5:1 for
pancreatic cancer. Vital status was not a matching criterion;
only living controls were selected. Controls under 65 years
of age were selected randomly from computerized State of
lowa driver’s license records, whereas controls aged 65 years
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and older were selected randomly from listings provided by
the U.S. Health Care Financing Administration (HCFA).
Field activities were carried out in 1986—1987 for all cancer
sites and controls, and for additional controls and bladder
cancer cases in 1988-1989. Of the 3035 eligible controls,
2434 participated (80.2%). On two occasions, a proxy re-
sponded for a living control who was incompetent.

Data Collection

After obtaining passive physician consent (for cases), a letter
explaining the nature and purpose of the study was mailed
to each identified case or next of kin and control. A tele-
phone call followed to invite the subjects to participate
through completion of a mail questionnaire. Some subjects
elected to complete a full telephone interview. The ques-
tionnaire included information on demographics, educa-
tion, and occupational history; weight and height; a detailed
smoking history including use of cigarette, cigars, pipes,
snuff, and chewing tobacco; a 55-item food frequency ques-
tionnaire that included beer, wine, and liquor consumption;
past medical conditions; family history of cancer; and life-
time residential history with detailed fluid consumption in-
formation including intake of beverages containing tap wa-
ter and other beverages. Subjects who expressed reluctance
to complete the detailed questionnaire at the initial tele-
phone contract or at any time afterwards were offered a 15-
minute shortened telephone interview. This abbreviated
interview included only questions on demographic informa-
tion, residential history, tobacco use, usual job, and fluid
consumption. Among participants, 5380 (90%) completed
the mailed questionnaire, 232 (4%) completed the full-
length telephone interview, and 396 (7%) completed the
abbreviated interview.

Upon return, questionnaires were screened for complete
responses to several key items, including cigarette smoking
history, residential/water supply history, and fluid intake.
Respondents who had not answered fully the questions re-
lated to smoking history or other key items were re-con-
tacted by telephone.

Exposure Measures

Three measures of cigarette smoking were evaluated. “Cur-
rent smoking status” was categorized into three levels: never
smokers, former smokers, and current smokers. Never-smok-
ers were those who replied negatively to the question about
using any tobacco products for six months or longer. Current
smokers were defined as those who had smoked cigarettes
for a continuous period of six months or longer and were
also smoking within two years preceding diagnosis. Former
cigarette smokers were defined as those who had quit smok-
ing two or more years prior to the time of diagnosis (cases)
or prior to the return of the questionnaire (controls). Former
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smokers and current smokers were further combined to form
an “ever smokers” category.

“Usual consumption,” a measure of intensity, was the
reported usual number of cigarettes smoked per day. For
analysis, the amount smoked per day was grouped into five
categories (never smokers, <10, 11-20, 21-40, >40 ciga-
rettes/day). “Total lifetime consumption” was estimated in
terms of pack-years of cigarette smoking, calculated by divid-
ing average cigarettes smoked per day by 20 and multiplying
by the number of years smoked. This constituted a measure
that combined intensity and duration. For the purposes
of analysis, pack-years of smoking were grouped into four
categories (never smokers, <20, 21-40, >40 pack-years).
Both of these measures were based on cutpoints commonly
used in previous studies.

Selection of potential confounding factors or risk factors
for a given cancer site was dependent on review of the
literature and the data that were collected in this study.
These factors differed by sex and cancer sites.

Statistical Analysis

Non-dietary variables of interest were grouped into standard
strata. Important dietary risk variables were categorized by
quartiles based on the distribution of consumption among
controls. All models with dietary factors were adjusted for
total energy intake, either by including total energy as a
covariate in the model (for analyses involving micronutri-
ents and food groups) or by using the residual method for
adjustment of macronutrients (13). The maximum likeli-
hood estimate of the odds ratio (OR) (14) and the 95%
confidence interval (CI) were used to evaluate the associa-
tion between various measures of cigarette smoking and
cancer risk, by individual cancer site.

Unconditional multiple logistic regression models were
used to estimate the ORs for each of the five cancer sites
while adjusting for site-specific and sex-specific potential
confounders. All models included age (four strata: 40-54,
55-64, 65-74, 75-85) and total energy intake (five levels:
<5347, 5347-6853, 6853-8762, >8762 K]/day, missing).
Three methods (forward, backward, and stepwise logistic
regression) were used to select variables for the basic model.
Since they yielded similar models and almost identical point
estimates, we arbitrarily chose the model from forward step-
wise logistic regression for use in this study. After obtaining
the basic model, each parameter measuring cigarette expo-
sure was independently forced into the model to yield the
full model. When testing for a trend, the exposure measure
was entered as a continuous variable into the model. Finally,
for comparative purposes, two different parameters measur-
ing cigarette smoking, namely: 1) lifetime smoking experi-
ence (ever versus never); and 2) current smoking status
(never, former, and current), were used to rank order the
ORs for each of five cancer sites. These two parameters
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were chosen because studies have shown that next of kin
respondents, in general, correctly identify the user status
for cigarette smoking but report less reliably on detailed
questions such as number of cigarettes smoked per day and
duration of smoking (15). Analyses were conducted using
SAS (SAS Institute, Cary, NC) software programs. Re-

ported p-values are two-sided.

RESULTS

Table 1 presents the distributions of different parameters
measuring cigarette smoking for cancer cases and controls.
There were 1406 bladder cancer cases (1089 males and
317 females); 387 kidney cancer cases (242 males and 145
females); 362 pancreatic cancer cases (188 males and 174
females); 655 colon cancer cases (317 males and 338 fe-
males); and 629 rectal cancer cases (362 males and 267
females), and 2336 population controls (1503 males and
833 females) with cigarette smoking information available
for data analysis. Among ever smokers, males had a higher
proportion of former smokers, whereas more females were
current smokers.

Table 2 shows the multivariable-adjusted ORs for each
cancer site according to four different parameters measuring
cigarette smoking while controlling for other sex-specific
factors. For bladder cancer, male and female ever-smokers
of cigarettes showed a significantly elevated OR of 2.5 (2.0—
3.1) and 2.7 (2.0-3.6), respectively, compared with never
smokers. Male current smokers were at a greater risk (OR =
3.7;2.8-4.9) than male former smokers (OR = 2.0; 1.6-2.6).
Corresponding ORs for females were 3.7 (2.6-5.3) and 1.8
(1.2-2.6), respectively.

Risk of bladder cancer increased with increasing number
of cigarettes smoked per day. However, there was a decline
in the ORs for male smokers, but not female smokers, of
more than 40 cigarettes per day. Duration of cigarette smok-
ing was also associated with increased risk of bladder cancer
in both sexes. However, point estimates were not materially
changed among smokers with increasing years of cigarette
smoking. The risk of developing bladder cancer increased
significantly according to pack-years of smoking from 1.9
(1.4-2.5) in male smokers of less than 20 pack-years (com-
pared to never smokers), to 2.3 (1.7-3.0) in male smokers
of 21-40 pack-year, to 3.0 (2.3-3.9) in male smokers of 40
or more pack-years. Corresponding ORs for females were
1.7 (1.1-2.6), 3.0 (2.0-4.6), and 3.5 (2.4-5.2), respectively.

The risk of kidney cancer was significantly associated
with ever cigarette smoking among males, but to a lesser
degree, among females (Table 2). Male ever cigarette smok-
ers experienced a significant 80% increased risk of kidney
cancer (95% CI, 1.3-2.7) compared with never smokers.
The ORs for male former smokers and current smokers were
1.7(1.2-2.6) and 2.1 (1.3-3.2), respectively. Corresponding
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ORs for women were 0.9 (0.5-1.6) and 1.4 (0.9-2.3), respec-
tively. The number of cigarettes smoked per day was signifi-
cantly associated with kidney cancer in males, but not in
females. However, the estimate for the highest group in
females lacks precision due to small numbers (95% CI,
1.4-45.7). For duration of smoking, although no dose-re-
sponse effect was found, there was a significant association
with the risk of kidney cancer in males, but not in females.
There was also a significant trend of risk with increasing
pack-years of smoking in males, but not in females.

Table 2 also presents the risk of pancreatic cancer associ-
ated with cigarette smoking by sex. Strong associations for
pancreatic cancer were seen for all four parameters measur-
ing cigarette exposure in both sexes. Among males with
pancreatic cancer, ever smokers showed a significantly in-
creased OR of 1.8 (1.2-2.8), former smokers had an OR of
1.5 (1.0-2.4), and current smokers had an OR of 2.5 (1.5—
4.1), compared with male never smokers. Among females,
the risk of developing pancreatic cancer for ever, former,
and current smokers, as compared with never smokers, were
2.1(1.4-3.1), 1.7 (1.0-2.9), and 2.4 (1.5-3.9), respectively.
Among males, the risk did not significantly increase with
the number of cigarettes smoked per day, years smoked, or
pack-years of smoking, although an elevated risk was noted
among all exposed groups. Among females, number of ciga-
rettes smoked per day was significantly associated with risk
of pancreatic cancer with an apparent dose-response effect,
but numbers of females in the highest category of the amount
smoked per day were too small to produce stable risk esti-
mates (95% CI, 1.8-43.5). Both smoking duration and pack-
years of smoking were significantly associated with the risk
of pancreatic cancer in women, but the dose-response pat-
tern was irregular.

There was essentially no association between cigarette
smoking and risk of colon and rectal cancers in both males
and females (Table 2). The point estimates for all four
parameters measuring cigarette smoking were slightly above
unity for both colon and rectal cancers in males, and for
colon cancer in females. However, no consistent trends
were observed.

We stratified ever smokers into two subgroups (former
smokers and current smokers) and evaluated the dose-re-
sponse relationship with number of cigarettes smoked per
day or pack-year of smoking (Table 3). For those sites that
are associated with cigarette smoking in this study (i.e.,
bladder, kidney, and pancreas), the effect of dose with num-
ber of cigarettes smoked per day was more pronounced
among current smokers than among former smokers. A lev-
eling-off of ORs with increasing smoking exposure appeared
most clear among male former smokers. The dose-response
effect with pack-years of smoking became less apparent after
stratifying ever smokers according to current smoking status.

Figure 1 shows rank orders of the adjusted ORs for the
five cancer sites by smoking status and sex. Among male

Chiu et al. 33
CIGARETTE SMOKING AND SELECTED CANCERS

current smokers, compared to never smokers, the OR for
bladder cancer ranked highest, followed by the ORs for
cancers of the pancreas, kidney, rectum, and colon. Among
female current smokers, we found an analogous pattern. For
former smokers, the rank order was less consistent between
males and females and differed somewhat from that seen in
current smokers. Among male former smokers, the ORs for
bladder cancer ranked highest, followed by cancers of the
kidney, pancreas, colon and rectum. For female former
smokers, the rank ordering of ORs from highest to lowest
were bladder, pancreas, colon, rectum, and kidney. The
differing rank order of these cancers in females might be
due to small numbers, especially for kidney cancer (Table 1).

DISCUSSION

Study findings support the association between cigarette
smoking and bladder cancer, irrespective of gender. Both
males and females who had ever smoked cigarettes had a
significant 150% excess risk of bladder cancer. Our findings
are consistent with previous studies (16-19). This study also
indicates that cigarette smoking is an important risk factor
in the development of kidney cancer in males, but to a
lesser degree, in females; the OR was 1.8 for males who had
ever smoked. These results are in general agreement with the
overall evidence from previous case-control studies (20-22).
However, in contrast to previous studies (20, 21, 23), we
observed a weaker association with kidney cancer among
females than among males, and this may have been due
to chance. This study also provides further evidence that
cigarette smoking is an important risk factor in the develop-
ment of pancreatic cancer. A significantly increased risk
was seen in both males and females. The results are consisted
with previous investigations (24-26). Finally, our findings
of lack of substantial relationships between cigarette smok-
ing and the risks of colon and rectal cancer are similar to
some studies (6, 27-29), but not to others (30-32).

The dose-response associations for cancers of the bladder,
kidney, and pancreas in males, based on the average number
of cigarettes smoked per day, showed a leveling-off or de-
creasing risk for smokers of more than 40 cigarettes per day.
This leveling-off of ORs has been observed in other studies
of bladder cancer (16, 33, 34), kidney cancer (23, 35),
and pancreatic cancer (25, 36). Different explanations have
been suggested, including the existence of diseases related
to smoking that occur earlier than cancer (37), imperfect
comparability between cases and controls because of study
design problems (38), and diuretic properties of alcoholic
beverages (33). It is also possible that a higher proportion
of heavier smokers, compared to moderate smokers, died
due to other diseases more commonly attributed to smoking
(e.g., lung cancer and atherosclerotic heart disease), and
thus were not available to be diagnosed with these cancers.
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FIGURE 1. Rank order of the odds ratios for five cancer sites by current smoking status.

Finally, the leveling-off of risk could results from an uncon-
trolled confounding effect of smoking status. This appears
to be at least a partial explanation for our findings because
after stratifying subjects by current smoking status, we ob-
served a leveling-off of ORs only in former smokers (most
clear among male former smokers), not in current smokers.

In the present study, no clear pattern of risk with smoking
duration was found for either men or women regardless of
cancer site. It is possible that we may not have adequately
assessed the effect of duration since controls were frequency-
matched to cases on age. Most smokers begin smoking over
a relatively narrow age range (roughly ages 14 to 21 years)
and analyses of the association between duration of smoking
and cancer risk may be confounded by this (4). We also
included age in our statistical models which may have af-
fected further our ability to evaluate the effect of smok-
ing duration.

Our findings from rank ordering the ORs showed very
similar rankings between former smokers and current smok-
ers, although the magnitudes of effect differed. These find-
ings express a need to explore explanations as to why ciga-
rette smoking is more strongly related to one anatomic site
than to others. First, it is possible that such modifiable
risk factors as physical activity, body mass index, alcohol
consumption, coffee consumption, and various dietary fac-
tors may act in concert with tobacco. This is especially true
for cancers of the digestive tract. It is possible that the
potential protective effect of certain dietary factors dimin-
ishes the carcinogenic effect of cigarette smoke.

Second, the relative risk of developing a tobacco-related
cancer depends largely on the susceptibility and duration of

contact of specific sites to various concentrations of certain
smoking constituents and their metabolites (5). Organs such
as the pancreas, kidney, and bladder are affected by certain
tobacco compounds after they are metabolized in the liver
or in the target organs and before they are excreted via the
urinary tract (4, 5). Because urine stays longer in the bladder
than in the kidney, this may explain why risks for kidney
cancer are well below those found for bladder cancer. In
addition, because the urothelium of the bladder is exposed
to the same carcinogens in the urine as the tubular linings
of the kidney which give rise to renal cell carcinoma, it
remains possible that the tubular cells are less sensitive to
these carcinogens (39).

Third, differences in rates of formation of carcinogen-
DNA adducts may be important determinants in organ or
tissue susceptibility to carcinogenic activity. For example,
polycyclic aromatic hydrocarbons (e.g., benzo[a]pyrene)
constitute by far the largest groups of carcinogens in tobacco
smoke (40). These compounds are procarcinogens that re-
quire metabolic activation before they can exert their cyto-
toxic, mutagenic, and carcinogenic effects (41). Tissues with
epithelial cells (e.g., oral cavity, lung, and bladder) have a
slightly higher affinity for activating the procarcinogens, as
measured by binding of benzo[a]pyrene to DNA. They also
convert the primary benzo[a]pyrene metabolites into non-
toxic, water excretable metabolites less efficiently than or-
gans such as liver and colon (41). Fourth, genetic determi-
nants may also affect organ or tissue susceptibility. Any or
all of these explanations may account for differences in the
rank ordering of ORs in this study.

In a case-control study, selection, non-response, and in-
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formation biases may lead to spurious results. It is unlikely
that selection bias played a significant role. Cases were
identified through a high quality, population-based registry.
The population-based control group was randomly selected
from the general population of lowa using the State of lowa
automobile driver’s license list for those aged 40 to 64 years
and rosters of the HCFA for those aged 65 to 84 years. Both
of these are unbiased sampling frames and have been used
successfully in selecting controls in other studies (42, 43).
Non-response bias should not be a concern in the present
study because of the high response rates for all cases (85.8%)
and controls (80.2%). However, some information obtained
from proxy respondents may have introduced bias. We have
evaluated the effect of proxy respondents in the present
study for each cancer site and found that age-adjusted OR
among proxy respondents were in general greater than the
corresponding ORs among live respondents for all five cancer
sites. However, directions of association were consistent regard-
less of inclusion or exclusion of proxy respondents (44).

The major strength of the present study was its ability
to provide for the simultaneous description and analysis of
the overall pattern of risk for five different cancer sites.
Exposure information was collected at the same time offer-
ing a unique opportunity to rank order the ORs for each
of five cancer sites for comparative purposes. Another major
strength was our ability to make adequate adjustment for
exposure to potential confounders relating to occupation,
environment, and dietary practices. Other strengths of this
study included: 1) high response rates (80% or better, from
all case series and from controls); 2) inclusion of newly
diagnosed, histologically confirmed cases of five cancer sites
that occurred in definite time periods in a single geographic
area; and 3) a randomly selected population group control
representative of the population at large.

In summary, cigarette smoking significantly increased the
risk of bladder cancer and pancreatic cancer in both sexes.
Cigarette smoking also increased the risk of kidney cancer
among males, but to a lesser degree, among females. There
was no association between cigarette smoking and colon or
rectal cancer in either sex. The findings showed the rankings
of multivariate-adjusted ORs from highest to lowest as blad-
der, pancreas, kidney, colon, and rectum, with little differ-
ence between men and women.
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